Parameters of the non-Debye relaxation in the 10Sc1CeSZ solid electrolyte made of various types of ZrO2 powder stabilized with 10-mol.% Sc2O3 and 1-mol.% CeO2 were studied. The influence of powder properties and their sintering temperatures on the impedance spectra is analyzed. In regard to electrical response, the polycrystalline ceramic electrolytes may be considered as a single-phase or a two-phase material consisting of a grain bulk and a boundary. In many cases, the boundary resistance is independent practically on dopants and their distribution across the powders and sintering temperatures. The powder compositions suitable for an electrolyte and electrodes are specified.
Introduction
Currently, a number of successful SOFC projects resulted in significantly higher efficiency at lower temperatures of operation and long-term endurance. As an example, the In this paper cubically stabilized zirconia (ZrO2) with 10 mol.% scandia dopant (10ScSZ) and additionally stabilized by CeO2 (1 mol. %) (10Sc1CeSZ) SOFC electrolyte is investigated as one of the most promising highly ionic conducting and long-term stable materials [1] [2] [3] [4] [5] [6] nowadays.
It is important to note that different manufacturing approaches of 1Ce10ScSZ powder, in particular co-precipitation [7] , solgel [8] , solid-phase synthesis [9] , polymeric precursor method [10] significantly effect the initial properties of the powders. To produce 1Ce10ScSZ ceramic electrolyte, it is necessary to use well-dispersed highly powders with high ability for sintering resulting in high oxygen conductivity and essential densification.
The advancements in SOFC performance optimization require specific knowledge on contributions of each of the SOFC components 
Theory block
For the non-destructive investigation of fuel cell materials, the method of impedance spectroscopy (IS) is usually applied, which allows to distinguish contributions of microstructural components to the overall conductivity of the cell [11] . The alternating current electrical data of the SOFC ceramics in complex coordinates allows to distinguish two types of polarization processes with either ideal (Debye) or non-ideal (non-Debye)
representation [12] .
The ideal (Debye) type response, representing dipole polarization, is observed mainly in polar liquid dielectrics. In this case, the complex dielectric permittivity is described by equation (1) .
where ε∞ -permittivity at the high frequency limit, ε -static permittivity at direct current conditions (f → 0 Hz), and τ -relaxation time. In ideal case, the real and imaginary parts of the impedance in a complex coordinates give a semicircle with the center on the x-axis.
The non-Debye type responses can be visualized in a complex plane by either the skewed semicircle or the semicircle with the center below the real axis. The dielectric response of solid-state materials with ionic polarization is described with Cole-Cole (C-C),
Davidson-Cole (D-C) and Havriliak-Negami (H-N) equations [11] [12] [13] .
Cole-Cole relaxation
The model gives the semicircle with the centre that is below the real axis. The depression angle (θ) is estimated as an angle between the xaxis and the diameter of the skewed semicircle ( Figure 1) . The Cole-Cole model is described by equation (2):
where the exponent α ranges in-between 0 and 1. The depression angle (θ) can be found from Thus, we can set the depression parameter h, which is given by:
At Θ→0 and α→1 the Cole-Cole equation represents the Debye model.
Davidson-Cole relaxation
The Davidson-Cole model describes the skewed nature of the relaxation curve ( Figure   2 ) which is represented by the following as Z′PF/Z″PF, where PF is a peak frequency:
The exponent  reflects the difference in relaxation times of the system components.
It is important to note that the fitting angle θ and the exponent  might be different for low-and high-frequency semicircles. The increasing degree of sample heterogeneity with higher yttria content leads to the increasing values of .
Havrilyak-Negami relaxation
If the impedance representation of the system in a complex plane depicts a skewed semicircle with the center below the real axis, the Havriliak-Negami equation is used to model the plot:
where the α and β exponents can be found as it was shown above (Equations 5 and 9). The powders were ball milled in alcohol for The first semicircle at high frequencies (with the peak frequency (PF) of 200-398 kHz was As it is shown in Figure 11 , the Type III samples sintered at 1300-1400 °C and 1550 °C have two semicircles responsible for the grain indicates that the dielectric response of the Type III samples, obtained at 1300-1400 and 
